In this paper, the optimization of composite tuned mass dampers in reducing the response of structures subject to earthquake are discussed. Composite tuned mass dampers are mass dampers that consist of two mass dampers connected in series. The mass of the auxiliary dampers is in general relatively smaller than the one of the first damper. However, in this paper the mass ratio of the auxiliary damper to total mass of dampers is varied from 0.1 up to 0.9; and the optimum stiffness and damping of the first and auxiliary dampers are obtained using real coded genetic algorithm (RCGA). From the result of optimization, it is found that the mass ratio of the auxiliary dampers does not significantly affect the response reduction of structures. It is also found that for a certain mass ratio, the resulting stiffness and damping are not unique for achieving the same performance.
Introduction
The use of tuned mass dampers (TMDs) to reduce the response of structures has been proposed by researchers in the past. These include the classical Den Hartog [6] and Warburton [13] methods. In Den Hartog [6] method, the reduction of response of undamped structures subject to harmonic loading is considered by the addition of a spring mass damper. The extension of analysis was carried out by Warburton [13] , where a general mass including spring and damping was considered with the addition of a spring mass damper. The loading is also not necessarily a harmonic loading and might be applied either on the main mass or at the support.
In addition to the analytic methods, several numerical methods have also been proposed. Hadi and Arfiadi [8] proposed optimization method by using binary coded genetic algorithms. Bekdas and Nigdeli [3] estimated optimum parameters of TMD by using harmony search. Several discussions on this method are also available ( [10] , [4] , [11] , [5] ). Leung et al. [9] proposed particle swarm optimization method to optimize the TMD.
In this paper, a composite TMD composed of two dampers in series on structure, similar to Nishimura et al. [12] , is considered. The optimization method is done by using a modification of real coded genetic algorithms proposed in Arfiadi and Hadi [1] [2] and Frans and Arfiadi [7] . However, different from [12] the mass ratio of the dampers is investigated to see this effect on the response reduction of structures.
Composite tuned mass dampers formulation
A single degree of freedom structure equipped with a mass damper and an additional mass damper is considered in this paper, as shown in Fig. 1 . The equation of motions of the structure can be written as: In this problem the properties of composite mass damper system are optimized for various mass ratios of auxiliary to the total mass of dampers.
The equation of motions can be converted to a state space equation as:
where g u w , and , , 
Performance objective
The performance objective is the H2 norm of the transfer function from the ground acceleration to the regulated output, where the regulated output is the displacement of the structure, which can be written as: 
Optimization
In this case the real coded genetic algorithm (RCGA) is used to optimize the damper properties. The parameters of RCGA to be used in this paper are: population size = 60, maximum generation =1500, probability of mutation = 0.1, probability of crossover = 0.8, percentage of new individual to replace old individual in each generation = 20%. The mutation to be used is a simple mutation, similar to the one in [1] . For the crossover we used asymmetric crossover in order to explore the domain of interest. Note that because the domain of interest is always positive, asymmetric crossover always results in a positive number for positive initial domain, and approaches domain of interest in an asymmetric way as:
where r = random variable (0-1).
The design variables for optimization are cd, kd, ca and ka, for every mass ratio of md/(ma + md). During the process of optimization, the constraints are considered by penalizing each individual so that the fitness of individual that violates the constraint is set to a minimum value that can be accepted by the computer. The constraints are: The constraints in (5a) and (5b) are taken to make sure that resulting dampers produce underdamped systems. The constraint on negative value of design variables are not necessarily enforced in this case, because of the asymmetric crossover that is used. If the initial values of design variable are assigned as positive numbers, the resulting new individuals are also always positive. Therefore, this type of crossover is useful when the design variable must always be positive.
Parametric studies
The structural properties are taken from [12] , i.e., ms =16.274 t, cs = 5.4 kN-s/m, ks = 1.05 x 103 kN/m, the total mass damper ratio, i.e., (md+ma)/ms = 0.4264/16.274 = 0.0262. In this problem we optimize the damper properties for various ratio of md/(ma +md) from 0.1 to 0.9. In this case the effect of auxiliary mass is investigated with constant total mass damper ratio. The RCGA is then used to optimize the damper properties. The objective is to minimize the transfer function from the ground excitation to the displacement of the structure.
Results and discussions
The results of the optimization are shown in Table 1 . The structure is then simulated to the recorded earthquake ground acceleration. The earthquakes to be used are El Centro 1940, Hachinohe 1968, Kobe 1995, and Northridge 1994 ground accelerations. The root mean square (RMS) of displacement of the structure is shown in Table 2 . In Table  2 it is shown that the mass ratio md/(ma+md) does not significantly affect the response reduction of the structure. The term TMD in Table 2 means that we have one damper only.
The transfer function for the case of uncontrolled, with one TMD only, and with dampers for mass ratio md/(ma+md) = 0.1 and 0.9, is depicted in Fig. 2 (a) ; while the response of structure subject to Northridge 1994 ground excitation is shown in Fig. 2(b) for md/(ma+md) = 0.3.
Note also that the resulting properties of dampers are not unique for the particular performance objective. For example in the case of md/(ma+md) = 0.2, besides the result as shown in Table 1 The resulting response for both cases is almost identical as can be seen in Fig. 3 . 
The optimization of composite tuned mass dampers has been discussed in this paper. From the simulation, it is found that the ratio of auxiliary mass to the total mass of damper does not affect significantly the response of the structure. It is also possible that the optimum parameters of the dampers are not unique for a certain mass ratio of dampers.
